We documented available information concerning incident cases of gastric cancer in part of Kenya's Eastern Province between 1991 and 1993. By reviewing the records of all major health facilities in the area, 200 cases of gastric carcinoma were found giving an annual average crude incidence rate of 7.01 per 100 000 males and 3.7 for females (world age-standardised rates, 14.3 for males and 7.1 for females). There is likely to be underascertainment of cases especially among those aged over 65 years. Previous incidence estimates for the same area of Kenya were reviewed and a 10-fold increase in the recorded indirectly standardised incidence rate between the periods 1965-70 and 1991-93 was noted but this may be due to improved diagnostic facilities. The recent rates in this part of Kenya are comparable to Eastern European rates and similar to those recorded in other highland regions of Africa.
The role of Helicobacter pylori infection in the development of gastric cancer has been questioned partly because of the high levels of infection in much of Africa and apparently low rates of gastric cancer (Holcombe, 1992; Segal et al, 1998) . There are, however, few established population-based cancer registries (Chokunonga et al, 1999) , and data obtained from these and other sources have recognised deficiencies.
Following a clinical impression that the number of gastric malignancies diagnosed at the Presbyterian Church of East Africa (PCEA) hospital at Chogoria was relatively high, a retrospective survey was undertaken in May 1994 for the years 1991-93 to provide a minimum estimate of incidence for the Greater Meru region of Eastern Kenya from data collected from all 8 hospitals that served the area. The resulting figures were compared with rates available from surveys in the same region in earlier years.
METHODS
Greater Meru is in Kenya's Eastern Province and has a total population of about 1.2 million. It is divided into 4 administrative districts, Meru Central, Meru South, Meru East and Meru North. In the 8 hospitals that served the area for the period 1991-93 all available theatre books, endoscopy record books and ward admission books were examined and inpatient notes obtained where possible to clarify the diagnosis. In addition, a card system based on the WHO classification of disease assisted case finding in one District Hospital (Isiolo) and computer records of discharge diagnoses were searched at PCEA Chogoria Hospital, the largest in the area. Death certificates are rarely completed in rural Kenya and were therefore not used to search for cases. The resulting database was searched to delete duplicate records, as some patients had been admitted on more than one occasion during the course of their illness, not necessarily at the same hospital.
At hospitals other than Chogoria, the age of the patient was often recorded as 'Adult'. As it is usually patients over the age of 45 years who have little idea of their age, their age was assigned as follows: Cancer patients over 45 years old who had presented to Chogoria Hospital, and who all had their age recorded, were analysed to ascertain the proportion in each 5 year age group. The patients from other hospitals where the age was unknown were then assigned to an age group over 45 years according to these proportions, for males and females separately.
From scanty notes available at some institutions, the reliability of data might be questioned. In order to test the accuracy of the overall figures for the area, patient addresses were recorded to identify those from the Chogoria Hospital catchment area covering an estimated population of 434 000 in 1992. This smaller area consisted of Meru South and East Districts plus the Abogeta, Nkuene and Igoji Divisions of Meru Central where Chogoria Hospital clinics and an extensive community-based health programme had been established. There has thus been a drive over the years to improve access to health care services in the catchment area of the hospital and the incidence among patients living near Chogoria has been used to give a baseline comparison for the rates observed elsewhere in Greater Meru. The ethnic group composition, and diet of the population did not vary from district to district.
Population baseline data from the 1989 census were obtained from the District Population Officer in Meru Town. The crude death rate for the area in 1979 was 1.3% and the crude birth rate 5.2% giving an annual growth rate of 3.9%. This has now dropped to around 3.16% particularly in the Chogoria Hospital catchment area where there is a high uptake of family planning services. Migration in and out of the area is fairly constant at 1% each way.
A minimum estimate for the incidence of gastric cancer in Eastern Kenya
An annual growth rate of 3.16% was therefore used to calculate population figures in Greater Meru for the years 1991 to 1993. Crude incidence rates were determined, world age-standardised rates (WASR) calculated by the direct method (Smith, 1992) and the cumulative rate (0-64) ascertained (Plummer, 1997) .
For the period 1975 to 1988, numbers of gastric cancer cases presenting to Chogoria Hospital were available from a previous search of ward books, surgical and medical records, death certificates and gastroscopy records carried out during 1988 (Sitas, 1992) . Further information for the period 1965-74 was available from part of a larger survey (P Cook-Mozzafari and D Burkitt, unpublished data). Data from the 1969 and 1979 Kenyan National Census (Ministry of Finance 1970 Finance , 1980 were used to estimate the age-specific population sizes for Greater Meru from 1965-82. Results of the 1989 census were available to calculate rates for the area from 1983 to 1993. The only age-adjusted incidence rates available from 1965 to 1982 were calculated by the indirect method (Sitas, 1992 ) and corresponding indirect rates were calculated for the periods 1982-88 and 1991-93 to examine the trend over the 28-year period. Expected numbers were derived from average age-sex-specific rates from 4 African registries that during the 1950s and 60s had meticulous surveys of cancer incidence in defined populations (Johannesburg and Natal, South Africa; Ibadan, Nigeria; Kayondo, Uganda (Doll et al, 1966 (Doll et al, , 1970 )) The ratio of observed to expected numbers of gastric cancer cases was multiplied by the average crude incidence rate for gastric cancer of 7.09 per 100 000 from the above registries to yield an indirectly adjusted incidence rate for each time period.
RESULTS
The population of Greater Meru was 1 144 594 at the 1989 census and had risen to over 1.2 million by 1991 with 35% living within the Chogoria Hospital catchment area. 60% of the population was under 20 years of age.
A total of 200 patients presented with a new diagnosis of gastric cancer in Greater Meru in the 3-year period, of which 87 presented to Chogoria Hospital, with the remainder seen at 5 of the other 7 hospitals (Table 1 ). The age range was from 25 to 87 years with 39 patients simply recorded as 'Adult'. 130 patients were male, giving a male to female ratio of 1.8:1. The method of diagnosis for each patient is recorded in Table 2 , for the whole group and the Chogoria Hospital catchment area. Only 9% of all cases were confirmed by histology. In 25% of patients, most of whom were at hospitals other than Chogoria, the method of diagnosis was not clear from the ward admission book or case sheet.
Using the mid-1992 population figures, the crude incidence rate per 100 000 for gastric cancer was found to be 7.0 (95% Confidence Interval (CI) 5.8-8.2) for males and 3.7 (CI 2.8-4.5) for females over the 3-year period. The rates for the Chogoria Hospital catchment area for males and females combined for the 3 years are given in Table 3 for comparison with the rest of the area.
The world age-standardised rates for males and females were 14.3 (CI 11.8-16.8) per 100 000 for males and 7.1 (CI 5.4-8.8) for females for the years 1991 to 1993. Cumulative rates (0-64) for the same period were 1.07 (standard error (SE) = 0.19) for males and 0.62 (SE = 0.14) for females. Table 4 shows the indirectly adjusted incidence rates for gastric cancer for the region from 1965 to 1993. It should be noted that the figures from 1965 to 1988 will be an underestimate as case finding was limited to PCEA Chogoria Hospital. (Sitas, 1992) 
DISCUSSION
Reliable estimation of cancer incidence rates in rural Africa is extremely difficult to obtain, with few established cancer registries. Registration of deaths is often far from complete, and in some registers, many cancer deaths are recorded as 'unknown primary', indicating that the quality of data is likely to be poor with many poor and elderly patients dying at home without seeking medical services (Smith, 1992) . Completeness may be better, however, in some urban African populations (Parkin et al, 2001 ). The world age-standardised rates observed in Greater Meru for the years 1991-93 are above those in most of the USA, and are similar to Western Europe . The cumulative rate (0-64) has the advantage of being independent of any standard population (Plummer, 1997) and permits comparisons of incidence that omit the elderly who may be underrepresented among those who are diagnosed in hospital. Using this method, the rates of 1.07 for males and 0.62 for females for Greater Meru are above those in US whites (typically 0.3 for males and 0.1 for females), US black populations and Western European nations, similar to Eastern European nations but below rates for Central and South America (averaging approximately 1.6 for males and 0.9 for females) and well below parts of China and Japan . Assessed in this way, gastric cancer in this part of Kenya is not uncommon.
The reliability of the data presented here may be questioned due to the low proportion of histological diagnoses. However, registries relying on autopsy reports, with a high proportion of cases confirmed by histology, will inevitably underestimate the true incidence of cancer in Africa. Cancer is often seen by the clinician in this region at an advanced stage, when histological confirmation is of academic interest only, and a needless burden for the patient. Laborious manual procedures had to be adopted in this study to find the necessary information. Even then, the lack of histological confirmation and poor information on such basic variables as age, means that there are considerable uncertainties in the results despite the methods for estimating of missing age information described above. It is also known that in poorer countries many elderly patients die at home without seeking medical services (Smith, 1992) and the age-specific rates in the present study suggest that there is indeed under-diagnosis among those over 65 years of age (assuming most of the clinical diagnoses are genuine stomach cancers).
The consistency of the data presented here is supported by a smaller survey of a population around Chogoria Hospital where access to medical services is better than in many other rural areas of Kenya. Within this group, 75% of cases presenting were diagnosed by laparotomy or endoscopy carried out by a qualified surgeon. Figures from the rest of the survey area were slightly higher than for the Chogoria catchment area suggesting that case finding was at least as complete as around Chogoria hospital. Coverage of hospitals throughout the Meru Districts and beyond, with recording of the addresses of the patients, weighs against high rates based on data from Chogoria Hospital merely reflecting the attraction of patients from more distant districts who had heard of the specialist interest of the hospital.
A summary of the currently available incidence data for gastric cancer in Africa is shown in Table 5 . With the obvious exception of Mali, higher rates of cancer tend to be found in populations residing at higher altitude. Studies of the relative frequencies of cancers, for example in Southern Rwanda (Ngendahayo and Parkin, 1986; Newton et al, 1996) at an altitude of 1500-2000 m and the Kilimanjaro area of Tanzania (Lauren and Kitinya, 1986) at an altitude of 1000 m have supported this finding. Relative frequency data from the 1950s and 1960s suggest that the probable high incidence in these areas is long-standing (Cook and Burkitt, 1971) and that it extended also into Burundi and neighbouring Zaire as well as Tanzania. Gastric carcinoma has also been noted to be relatively common in an endoscopic series from the Bale Highlands of Southern Ethiopia (Madebo et al, 1994) . It has been suggested that the increased incidence in highland regions may be due to volcanic soils (Kitinya et al, 1988) or to an interaction between Helicobacter pylori, the immune response and malaria (Blaser, 1993) but the effect might also be the result of better soils and climate at higher altitude promoting improved socio-economic status, and leading to better access to health care. The unusually high incidence of stomach cancer found in Mali has been attributed to the frequent use of sauces containing smoked or dried fish which may be rich in nitrosamines (Bayo et al, 1990) .
Although the figures given in Table 4 suggest a considerable rise in the incidence of gastric cancer in the survey area over the past 27 years, it is difficult to know whether this is real or apparent. A qualified surgeon arrived in Chogoria for the first time in 1982 and a gastroscopy service was established in 1984. During this period, ease of communication and the socio-economic status of the area were also improving. In Zimbabwe, 2 hospital-based .
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studies undertaken 20 years apart point towards a real rise in the incidence of gastric cancer (Dent, 1989) . However, in a recent population-based study in Uganda, a substantial rise in the incidence of gastric cancer was attributed to improved access to medical services and increased availability of gastroscopy (Wabinga et al, 2000) , while in Soweto, South Africa, no increases in the relative frequency of gastric cancer have been detected since 1948 (Segal et al, 1998) .
